In this appendix, we reframe the problem of attributing human illness to food commodities in a more mathematical fashion to provide additional documentation and insight into our method.
where indexes the etiologic agents, are the public health burdens (e.g., numbers of illnesses, hospitalizations, or deaths), and are column vectors with elements equal to the numbers of reported cases in simple and complex outbreaks respectively, and are 0/1 matrices corresponding to simple and complex outbreaks of etiology i with rows indexing outbreaks and columns corresponding to whether or not a given commodity was represented by ingredients of the contaminated food or foods from the outbreak. In some instances, one or both of and will be null matrices because no outbreaks of a given etiology were reported in that category. In addition, when is null, is defined to be null and the term in the summation is defined to be 0. When a column of S i is null then the corresponding column of is null. This follows from the general rule that no illnesses from complex food outbreaks due to a given etiologic agent will be allocated to commodities that are not represented among the simple food outbreaks due to that agent. The vector is a column vector of 1's with dimension 17. 
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Note that the minimum estimated totals sum to less than the total estimated number of illnesses, ∑ , and the maximum estimated totals sum to more than ∑ , when there are attributable illnesses due to complex foods. The same is true of the minimum estimated proportions and maximum estimated proportions; they sum to less than and more than 1, average, then all commodity attribution proportions will be the same, and illness-based and outbreak-based attributions are the same. Although this discussion focuses on source attribution for simple foods, the same concepts apply to source attribution for complex foods. Differences between outbreak-associated illness-based and outbreak-based attribution proportions reflect differences in outbreak sizes among commodities. The degree to which one or the other measure, outbreak-associated illnesses or outbreaks, reflect illnesses as they are caused by commodities in overall domestic foodborne illness is a subject for future research.
Expanded Methods
In this appendix, as a complement to the technical appendix, we provide a narrative description and examples of key elements of our method. To estimate illnesses attributable to specific commodities from reports of outbreaks of foodborne illnesses, we 1) attribute illnesses to specific commodities for each etiologic agent, and 2) sum the etiology-specific estimates, weighted by estimates of the number of illnesses (i.e., illnesses, hospitalizations, or deaths) for each etiology.
Attributing illnesses to specific commodities for each etiologic agent
To determine etiologic agent-specific attribution, we wanted to sum the number of illnesses attributed to specific commodities implicated in foodborne disease outbreaks caused by each agent. For outbreaks in which the implicated food(s) contained ingredients from a single commodity, this can be done easily because each outbreak contributes illnesses to a single commodity. For outbreaks in which the implicated food(s) contained ingredients from more than one commodity this cannot be done until illnesses are allocated to the multiple commodities in some fashion. To use data from commodities in both simple and complex foods, we calculated an estimate that sums the number of illnesses from simple food outbreaks attributed to specific commodities and adds to those sums partitioned numbers of illnesses from complex food outbreaks. The partitioning is based on proportions observed in simple food outbreaks. We refer to this estimate as the most probable estimate (MP).
To indicate a range of possible values for the number of illnesses caused by a commodity we calculated two additional estimates based on alternate partitions of the illnesses from complex food outbreaks. The minimum estimate derives from not allocating any complex food outbreak illnesses to any commodity. The maximum estimate derives from allocating all illnesses from a complex food outbreak to each commodity associated with the outbreak, as long as that commodity was also implicated in a simple food outbreak caused by that agent (which establishes the commodity as a possible causal exposure). This last allocation counts illnesses multiple times, but that is consistent with the maximum estimate as providing an upper bound for the number of illnesses attributed to individual commodities.
In Table A , we illustrate the attribution of illnesses in a dataset of four hypothetical outbreaks of illnesses caused by Etiologic Agent X. Illnesses in simple food outbreaks in which ground beef, lettuce, and apple juice were implicated were attributed to the commodities beef, leafy vegetables, and fruits-nuts, respectively, for all three estimatesminimum, MP, and maximum. Outbreak D was due to a complex food so no illnesses from this outbreak were included in the minimum estimate. For the maximum estimate, all six illnesses were attributed to the beef commodity (because the vehicle contained ground beef) and all six were also attributed to the leafy vegetables commodity (because the vehicle contained lettuce), but no illnesses were attributed to the vine-stalk vegetables commodity (although the vehicle contained tomato) or the grain-beans commodity (the vehicle contained bread). This is because the dataset contained at least one simple Etiologic Agent X outbreak attributed to the commodity beef, and at least one simple Etiologic Agent X outbreak attributed to the commodity leafy vegetables, but no simple Etiologic Agent X outbreak was attributed to either vine-stalk vegetables or grains-beans.
In this example, to partition the illnesses in Outbreak D into the most probable number of illnesses for each commodity, we determined the proportion of illnesses in simple food outbreaks caused by that agent that were attributed to any commodity included in the hamburger sandwich:
of the illnesses in the simple food outbreaks due to these commodities, 69% were attributed to beef and 31% to leafy vegetables. We applied these proportions to the six illnesses in Outbreak D, which yielded 4 illnesses attributed to beef and 2 attributed to leafy vegetables. The crude percentage of Etiologic Agent X illnesses attributed to each commodity was calculated by summing the number of attributed illnesses and dividing by the total number of actual illnesses in all Etiologic Agent X outbreaks. Note that although the actual number of illnesses was 46, only 40 illnesses were attributed to commodities for the minimum estimate and 52 were attributed for the maximum estimate; only the MP estimate counted each illness once and only once.
Summing the etiology-specific estimates, weighted by estimated number of domestically-acquired foodborne illnesses for each etiology
To calculate the total number of illnesses attributed to each commodity, we summed the etiologic agent-specific estimates obtained by applying the proportion of illnesses for each commodity to the estimated number of domestically acquired foodborne illnesses. In Tables B1-B3 , we illustrate the calculations for the number of illnesses and deaths in a dataset of two hypothetical etiologies (X and Y). In Table B1 , the minimum, MP, and maximum estimates of illnesses attributed to each commodity were calculated as above, and shown as a percentage of the total for each etiology. In Table B2 (Table B3 ). In both tables the commodity percentages are reported for the most probable estimates. Note that for a specific etiology, the percentage attributed to each commodity was the same for illnesses, hospitalizations, and deaths.
However, the percentage of total illnesses and deaths attributed to each commodity is different 
(113%)
*Ob, Outbreak; Minimum, minimum estimate of the number of illnesses attributed to a commodity; MP, most probable estimate of the number of illnesses attributed to a commodity; Maximum, maximum estimate of the number of illnesses attributed to a commodity. †Illnesses in outbreaks in which the implicated food was simple were included in the minimum, maximum, and most probable estimates; illnesses in outbreaks in which the implicated foods were complex were included only in the most probable and maximum estimates. ‡Hamburger sandwich ingredients: ground beef, lettuce, tomato, bread. ** For Outbreak D, the MP estimate of illnesses due to each commodity relies on information from the simple food outbreaks due to those commodities in the dataset. The total number of outbreak-associated illnesses caused by Etiology X and due to simple foods contained in the hamburger sandwich was 32, with 22 (69%) due to beef and 10 (31%) due to leafy vegetables. Rounding to the nearest integer, the MP estimate of illnesses in outbreak D attributed to beef was 4 (69% of 6) and the MP estimate of illnesses attributed to leafy vegetables was 2 (31% of 6). 
